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Association of Cardiovascular Risk Burden
With Risk and Progression of Disabillity:
Mediating Role of Cardiovascular Disease
and Cognitive Decline
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BACKGROUND: Cardiovascular risk burden has been linked to cardiovascular disease (CVD) and cognitive decline, but its as-
sociation with disability is unclear. We aimed to examined the association of cardiovascular risk burden assessed by the
Framingham general cardiovascular risk score (FGCRS) with the risk and progression of disability and estimated the extent to
which CVD and cognitive decline mediate this association.

METHODS AND RESULTS: A total of 1480 older adults with no disabilities (mean age=79.32+7.38 years) from the Rush Memory
and Aging Project were followed for up to 21 years. FGCRS at baseline was calculated and categorized into tertiles. Disability
was assessed annually with activities of daily living. The number of CVDs was calculated by summing up the CVD events.
Global cognitive function was assessed annually with a battery of 19 tests. Data were analyzed using the Cox model, linear
mixed effects model, and mediation analysis. At the end of the follow-up, 713 (48.2%) participants developed disability.
Compared with the lowest tertile of the FGCRS, the multiadjusted hazards ratios of disability were 1.34 (95% ClI, 1.11-1.62)
for the highest tertile. In addition, the highest FGCRS was associated with a change in activities of daily living score over time
(B=0.057; 95% Cl, 0.021-0.093). The association between FGCRS and change in activities of daily living was 13.8% mediated
by the accumulation of CVDs and 25.1% by cognitive decline, respectively.

CONCLUSIONS: Higher cardiovascular risk burden increased the risk of disability and accelerated its progression over time. CVD
accumulation and cognitive decline may partially mediate the association.
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World Health Organization, the world’s popula-
tion aged 60 years or older will be >2 billion by
2050." Disability has posed a tremendous burden on
our aging society. As the risk of disability increases
with age, the occurrence of disability is expected to
increase dramatically. Therefore, identifying risk factors

The world’s population is aging. According to the

for disability is important to develop prevention strate-
gies to slow down the progression of disability.
Previous research has shown that individual car-
diovascular risk factors such as smoking, hyperten-
sion, unfavorable lipid profile, and diabetes mellitus
were associated with an increased risk of disabil-
ity>=5 or accelerated progression of disability® in older
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CLINICAL PERSPECTIVE
What Is New?

Higher cardiovascular risk burden assessed
by the Framingham general cardiovascular risk
score is not only associated with an elevated risk
of disability but also accelerates its progression
over time.

e (Cardiovascular disease accumulation and cog-
nitive decline partially mediate the association
between cardiovascular risk burden and dis-
ability progression.

What Are the Clinical Implications?

e Qur findings highlight the importance of the con-
trol of cardiovascular risk for the prevention of both
cardiovascular disease and cognitive decline, aim-
ing at delaying the onset of disability and slowing
down its progression among elderly people.

e Qur study provides the first evidence on the medi-
ating role of cardiovascular disease and cognitive
decline in the development of disability related to
vascular risk burden and thus may advance our
understanding of potential mechanisms  linking
cardiovascular risk burden and disability.

Nonstandard Abbreviations and Acronyms

ADL activities of daily living
BMI body mass index

CVD cardiovascular disease

FGCRS Framingham General Cardiovascular
Risk Score

HDL high-density lipoprotein

IADL instrumental activities of daily living

age. Meanwhile, accumulating evidence indicates
that some cardiovascular risk factors tend to clus-
ter among older adults.”® The Framingham general
cardiovascular risk score (FGCRS) is a prediction al-
gorithm used to estimate the global cardiovascular
risk burden in the general population.® Information
on age, sex, total cholesterol, high-density lipopro-
tein (HDL) cholesterol, systolic blood pressure, anti-
hypertensive medication use, current smoking, and
diabetes mellitus status is included to calculate the
absolute risk of a cardiovascular disease (CVD) event
in individuals. So far, only one cross-sectional study
showed a positive association between FGCRS and
incident disability.'® However, no community-based
cohort studies to our knowledge have addressed the
impact of vascular risk burden on the risk and pro-
gression of disability.
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Many studies have documented an increased risk of
CVD®'" and cognitive decline'?'* among people with
higher FGCRS. It has also been shown that CVD':6
and cognitive decline'” accelerate the progression of
disability in older adults. There are unanswered ques-
tions about CVDs and cognitive decline mediating the
association between FGCRS and disability.

In the present study, we aimed to verify the hypoth-
esis that higher FGCRS was associated with an in-
creased risk of disability and a faster speed of disability
progression and to assess the mediating roles of CVD
accumulation and cognitive decline in the association
between FGCRS and disability progression using data
from a community-based cohort study of older adults
with annual follow-up.

METHODS

The data supporting the findings of this study are
available from MAP (Rush Memory and Aging Project).
Researchers who are interested can contact the
Rush Alzheimer’s Disease Center to access data and
study materials. Additional details about the data can
be found on the Rush Alzheimer’s Disease Center
Resource Sharing Hub at https:/www.radc.rush.edu.

Study Population

The study population was derived from MAP, an ongo-
ing longitudinal study that investigates risk factors for
common chronic neurodegenerative conditions in old
age.'® Details regarding the MAP study design and the
evaluation protocol have been provided previously.'® In
brief, participants were recruited primarily from retire-
ment communities, church groups, and senior cent-
ers throughout the greater Chicago area. At the time
of enrollment and thereafter, each participant under-
went a uniform structured clinical evaluation, including
medical history, neurological examination, and detailed
cognitive function testing.’® Data on demographic
characteristics, socioeconomic status, lifestyle factors,
and anthropometrics (such as weight and height) were
also collected at baseline and each visit.

Since 1997, a total of 2155 participants were an-
nually followed for up to 21 years. Of the total par-
ticipants, 675 were excluded because of disability at
study entry (h=265), missing data on FGCRS (n=269),
or missing data on activities of daily living (ADL) at fol-
low-up (n=141). Thus, 1480 participants were available
for the current study (Figure S1).

The study was approved by the institutional review
board of Rush University Medical Center. All partici-
pants signed an informed consent and a repository
consent that allowed their data to be shared after a
detailed presentation of the risks and benefits associ-
ated with study participation.
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Demographic Data

Education was recorded as maximum years of formal
schooling (up to 30 years) at initial cognitive testing.
Smoking was categorized as never smoker, former
smoker, and current smoker at baseline. Alcohol con-
sumption was defined as average grams of alcohol
consumed per day in the past year.?® Physical activity
was measured by the sum of hours per week that the
participant engaged in activities with using questions
adapted from the National Health Interview Survey.?’
Weight and height were measured and recorded by
a train technician blinded to previously collected data.
Body mass index (BMI) was calculated as weight in kil-
ograms divided by height in meters squared (kg/m?).2°
Depressive symptoms were assessed with a modi-
fied, 10-item version of the Center for Epidemiologic
Studies Depression Scale.?

Assessment of FGCRS

The FGCRS was calculated at baseline based on in-
formation of age, sex, smoking, total cholesterol, HDL,
systolic blood pressure, antihypertensive treatment, and
diabetes mellitus according to the Framingham predic-
tion model for general cardiovascular risk (Tables St
and S2).° Total cholesterol level and HDL cholesterol
level were derived from blood samples with a lipid
panel. Missing data on total cholesterol and HDL at
baseline (h=242) were imputed using data within 5 years
if the participants had no incident ADL disability. Systolic
blood pressure was measured twice in the sitting po-
sition with a 5-minute interval with a mercury sphyg-
momanometer by trained research assistants.?®> The
mean of the 2 values was recorded. Antihypertensive
medication usage was ascertained through direct visual
inspection of all containers of prescription and over-the-
counter agents allowed for medication documentation.
Diabetes mellitus was defined by any of the following
criteria: hemoglobin Alc >6.5%, fasting plasma glucose
>126 mg/dL, random blood glucose >200 mg/dL, his-
tory of diabetes mellitus, or the use of diabetes mellitus
medication.?* The points from all of these risk factors
were added to obtain the FGCRS, and the score was
further categorized into tertiles as the lowest, middle,
and the highest. A higher FGCRS indicated a greater
risk of cardiovascular events in the future.

Assessment of CVD

All participants were under surveillance for the devel-
opment of CVD events. CVD was defined as a com-
posite of stroke, congestive heart failure, and other
heart diseases. Stroke event was diagnosed based
on clinician review of self-reported questions, neuro-
logical exam (when available), and interview of partici-
pant. Information about congestive heart failure was
obtained by asking participants the following question:
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Since your last interview, have you been told by a doc-
tor, nurse, or therapist that you had congestive heart
failure? Information about heart diseases was ob-
tained by asking participants the following question:
Since your last interview, have you been told by a doc-
tor, nurse, or therapist that you had a heart attack or
coronary, coronary thrombosis, coronary occlusion, or
myocardial infarction? The number of CVDs was cal-
culated by summing up the above CVD events (ranged
0-3).

Assessment of Global Cognitive Function
Cognitive function was assessed at each evaluation
using a battery of 21 cognitive performance tests at
baseline.”® The Mini-Mental State Examination was
only used to describe the cohort. A summary meas-
ure of global cognitive function was constructed by the
scores on the following 19 tests: Word List Memory,
Word List Recall, immediate and delayed recall of story
A from Logical Memory and the East Boston Story,
Word List Recognition, Boston Naming Test, Verbal
Fluency, reading test, Digit Span Forward, Digit Span
Backward, Digit Ordering, Symbol Digit Modalities
Test, Number Comparison, 2 indexes from a modified
version of the Stroop Neuropsychological Screening
Test, Judgment of Line Orientation, and the Standard
Progressive Matrices.

The z scores were created by converting raw scores
from all the tests to using the mean and standard de-
viation and then were averaged to yield the composite
scores for global cognitive function. The composite
scores were created as missing if more than half of the
Z scores are missing.

Assessment of Disability

ADL is a composite measure of disability measured
annually with the Katz Activities of Daily Living Scale,?®
a self-report measure including 6 activities (eating,
bathing, dressing, toileting, transferring, and walking
across a small room). The ADL score is the sum of the
number of items for which participants report the need
for help/assistance and ranges from O to 6, with higher
scores indicating greater disability. Respondents re-
porting difficulty in 1 or more ADL were considered
to have a disability. Instrumental ADL (IADL) is a com-
posite measure of disability using a sum of 8 items
adapted from the Duke Older Americans Resources
and Services project. IADL is only used as a covariate
because almost half of the participants had an IADL
disability at baseline.

Statistical Analysis

Differences of characteristics among the 3 groups
of participants with the lowest, middle, and highest
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FGCRS were evaluated using 1-way analysis of vari-
ance or the Kruskal-Wallis test for continuous vari-
ables and chi-square tests for categorical variables.

The Cox regression model was used to calculate
the hazard ratios (HRs) with 95% Cls for the associ-
ation of FGCRS with disability. The proportional haz-
ards assumption was tested when the Cox model was
employed and no violation of the assumption was ob-
served. Laplace regression model was used to esti-
mate the 50th percentile difference in disability onset
time in relation to FGCRS.

The linear mixed effects model was used to an-
alyze the associations between cardiovascular risk
burden (continuous and categorical FGCRS) and
annual change in ADL score using follow-up time
(years) as the time scale. The fixed effect included
cardiovascular risk burden, follow-up time, and their
interactions. The random effect included random in-
tercept and slope, allowing the individual differences
at baseline and across follow-up. An overall type lll
sum of squares F tests was also performed to deter-
mine whether that variable as a whole is associated
with outcome.

To test and quantify the mediation effect of CVD
accumulation and cognitive decline on the asso-
ciation between FGCRS at baseline and disability,
mediation analysis was performed using the causal
steps approach based on the influential work of
Baron and Kenny.?® To perform mediation analy-
sis, it is necessary to test 3 pathways: step 1, the
association of FGCRS with disability; step 2, the
association of FGCRS with CVDs accumulation or
cognitive decline; step 3, the association of CVDs
accumulation or cognitive decline with disability,
controlling for FGCRS. All pathways were tested
using a linear mixed effects model. We used the first
half of follow-up data on the mediators (ie, number
of CVDs and global cognitive function) and the en-
tire follow-up data on the outcome (ie, ADL score)
to address the issue of temporality between the
mediators and the outcome. Bootstrapping meth-
ods was used to estimate the 95% CI of indirect
(mediated) effects. Mediation was confirmed if the
bias-corrected 95% CI for the indirect effect did not
include zero.?”

The Cox regression model, linear mixed effect
model, and mediation analysis were first adjusted for
age, sex, and education and then additionally adjusted
for potential confounders including BMI, alcohol con-
sumption, physical activity, depressive symptoms,
baseline IADL, baseline number of CVDs, and baseline
global cognitive function.

In the sensitivity analysis, we repeated the afore-
mentioned models removing age and sex from the
potential confounders. In addition, we excluded 382
participants with dementia at baseline and during the
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follow-up period because several components of the
FGCRS, CVD, and outcome were self-reported. We
further repeated the analysis using IADL and ADL as a
combined outcome for disability in 887 IADL-free and
ADL-free participants.

A 2-tailed P value of <0.05 was considered statis-
tically significant for each analysis. All analyses were
performed with Stata SE, version 15.0 (Stata Corp LP,,
College Station, TX).

RESULTS

Characteristics of the Study Population

Of the 1480 participants (mean age, 79.32+ 7.38
years), 1101 (74.39%) were women and 379 (25.61%)
were men. Compared with participants who had
the lowest FGCRS, those with the highest were
more likely to be older and male, and have lower
education, lower HDL, a lower Mini-Mental State
Examination score, a lower global cognition score,
lower alcohol consumption, lower physical activity,
higher BMI, and higher systolic blood pressure, as
well as more likely to have diabetes mellitus or CVD
at baseline and develop disability during the follow-
up (Table 1).

Association Between FGCRS and Incident
Disability

During the follow-up (median, 5.90 years; interquartile
range, 2.02-9.08 years, accounting for 7784.31 per-
son-years), 713 developed disability. In multiadjusted
Cox regression models, continuous FGCRS was
dose-dependently associated with the risk of disabil-
ity, and each point increase of the FGCRS was related
to a 4% higher risk of disability. Compared with the
lowest tertile of FGCRS, the HRs (95% Cls) of incident
disability were 1.27 (1.05-1.53) for the middle tertile
and 1.34 (1.11-1.62) for the highest tertile, respectively
(Table 2).

Laplace regression analysis showed that the mul-
tiadjusted 50th percentile difference (95% CI) of time
(years) at incident disability for the participants with
the highest FGCRS was 1.14 (0.20-2.07) years earlier
than those with the lowest. Each score increase in
FGCRS led to a 0.18-year earlier onset of disability
(Table 2).

Relationship Between FGCRS and ADL
Change Over Time

In a multiadjusted mixed effect model where FGCRS
was treated as a continuous variable, the ADL score
increased by an average annual rate of 0.088 points
(95% ClI, 0.024-0.152; P=0.007) during the follow-up
period. Each point increase in FGCRS was associated
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Table 1. Characteristics of the Study Population by FGCRS Categories (n=1480)

Baseline

Age (y), mean+SD 7717+8.36 80.49+6.42 80.84+6.25 <0.001
Female, n (%) 506 (88.46) 321 (73.29) 274 (58.30) <0.001
Education (y), mean+SD 15.29+3.01 14.80+3.33 14.78+3.36 0.014
Alcohol consumption (g/d), median (IQR) 1.08 (0.00 to 6.96) 1.08 (0.00 to 7.15) 0.00 (0.00 to 6.04) 0.040
BMI (kg/m?), mean+SD 26.39+4.89 2714+5.40 28.13+4.89 <0.001
Physical activity (h/w), median (IQR) 3.00 (1.17 to 5.25) 2.75 (117 to 4.67) 2.33(0.67 to 4.50) 0.004
Smoking status, n (%) 0.058

Never 332 (58.04) 270 (61.64) 271 (57.66)

Ever smoker 232 (40.56) 158 (36.07) 180 (38.30)

Current smoker 8 (1.40) 10 (2.28) 19 (4.04)
Depressive symptoms, median (IQR) 0(0to1) 0(0to1) 0(0to2) 0.309
TC (mg/dL), mean+SD 191.23+35.13 194.58+43.20 194.32+46.13 0.646
HDL (mg/dL), mean+SD 66.73+17.53 61.86+19.18 53.99+17.35 <0.001
SBP (mm Hg), mean+SD 122.81+12.63 135.35+14.35 147.73+16.65 <0.001
Diabetes mellitus, n (%) 21 (3.67) 34 (7.76) 139 (29.576) <0.001
FGCRS, mean+SD 11.83+2.09 15.97+0.81 19.78+1.77 <0.001
CVD, n (%) 71 (12.41) 76 (17.35) 103 (21.91) <0.001
MMSE, mean+SD 28.40+1.85 27.79+2.58 27.569+2.81 <0.001
Global cognition score, median (IQR) 0.28 (-0.11 t0 0.59) 0.12 (-0.31t0 0.48) 0.07 (-0.39 to 0.40) <0.001

During follow-up

Follow-up time, median (IQR) 6.52 (3.00 t0 9.87) 6.25 (3.00 to 10.05) 6.01 (3.02 t0 9.04) 0.386
Incident disability, n (%) 236 (41.26) 230 (52.51) 247 (52.55) <0.001

Missing data: body mass index=10. BMI indicates body mass index; CVD, cardiovascular disease; FGCRS, Framingham general cardiovascular risk score;
HDL, high-density lipoprotein; IQR, interquartile range; MMSE, Mini-Mental State Examination; SBP, systolic blood pressure; and TC, total cholesterol.

with a faster annual increase in ADL score over time
(B=0.006; 95% ClI, 0.002-0.010; P=0.006). When
FGCRS was used as tertiles, the highest FGCRS
(B=0.057; 95% ClI, 0.021-0.093; P=0.002), but not the
middle (3=0.023; 95% ClI, —0.013 to 0.060; P=0.206),
was related to a faster increase in ADL score com-
pared with the lowest FGCRS during the follow-up pe-
riod (Table 3 and Figure 1).

The Mediating Role of Number of CVDs
and Global Cognitive Function

The mediation analysis revealed that a higher baseline
FGCRS was associated with a faster annual increase
in ADL score (3=0.0033; 95% Cl, 0.0019-0.0048;
P<0.001). The association of FGCRS with annual ADL
score was attenuated when the number of CVDs

Table 2. HRs, 95% Cls, and 50th PDs in Years of Incident Disability in Relation to FGCRS

Continuous 1470 707 1.06 (1.03 to 1.08) 1.04 (1.02 to 1.06) -0.27 (-0.37 to -0.17) —0.18 (-0.26 to —0.09)
Categorical (tertiles)
Lowest 569 235 Reference Reference Reference Reference
Middle 436 228 1.36 (1.13 to 1.64) 1.27 (1.05 to 1.53) -1.42 (-2.59 to -0.25) —-0.86 (-1.70 to —0.01)
Highest 465 244 1.55 (1.29 t0 1.88) 1.34 (1.11 t0 1.62) —2.09 (-3.21 to —0.97) —1.14 (=2.07 to =0.20)

Missing data: 10 for body mass index. FGCRS indicates Framingham General Cardiovascular Risk Score; HRs, hazard ratios; and PDs, percentile differences.

*Adjusted for age, sex, and education.

TAdjusted for age, sex, education, body mass index, alcohol consumption, physical activity, depressive symptoms, baseline instrumental activities of daily
living, baseline number of cardiovascular diseases, and baseline global cognition function.
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Table 3. (3 Coefficients and 95% Cls of the Association Between FGCRS and Changes in Activities of Daily Living Score

Over Time: Results From Mixed Effect Model

Model 1* Model 2t

FGCRS 8 (95% Cls) Type lll F P Value B (95% Cls) Type Il F P Value
Continuous 0.001 (-0.007 to 0.008) 0.06 0.809 -0.003 (-0.011 to 0.005) 0.56 0.454
Categorical 0.08 0.919 0.86 0.422

Lowest Reference Reference

Middle -0.013 (-0.077 to 0.051) -0.025 (-0.090 to 0.040)

Highest -0.004 (-0.070 to 0.062) -0.045 (-0.113 to 0.023)
Continuousxtime 0.006 (0.002 to 0.010) 7.46 0.006 0.006 (0.002 to 0.010) 7.44 0.006
Categoricalxtime 4.89 0.008 4.87 0.008

Lowestxtime Reference Reference

Middlextime 0.025 (-0.012 to 0.062) 0.023 (-0.013 to 0.060)

Highestxtime 0.058 (0.022 to 0.095) 0.057 (0.021 to 0.093)

FGCRS indicates Framingham General Cardiovascular Risk Score.
*Adjusted for age, sex, and education.

fAdjusted for age, sex, education, body mass index, alcohol consumption, physical activity, depressive symptoms, baseline instrumental activities of daily
living, baseline number of cardiovascular diseases, and baseline global cognitive function.

(3=0.0023; 95% Cl, 0.0003-0.0044; P<0.05) and global
cognitive function (3=0.0021; 95% CI, 0.0002-0.0040;
P<0.05) were separately entered into models (Figure 2).

In the CVD-mediation analysis, after controlling for
a range of potential confounders, CVD accumulation
mediated ~13.8% of the association between FGCRS
and ADL, whereas in the cognitive function—-mediation
analysis, cognitive decline accounted for 25.1% of the
total association (Table S3).

Supplementary Analysis

Similar results to those from the initial analyses were ob-
tained when we removed age and sex from the models

<
& 4
[
<]
3
— N4
[=)
<
— | Owest
— Middle
o4 m—— Highest
0 5 10 15 20
Follow-up years
Figure 1. Average annual changes in ADL score according

to tertiles of Framingham General Cardiovascular Risk Score.
Model was adjusted for age, sex, education, body mass index,
alcohol consumption, depressive symptoms, physical activity,
baseline instrumental activities of daily living, baseline number of
cardiovascular diseases, and baseline global cognitive function.
ADL indicates activities of daily living.
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(Tables S4 and S5, Figure S2) and when we excluded
382 participants with dementia at baseline and during
the follow-up period (Tables S6 and S7, Figure S3). We
further repeated the analysis using IADL and ADL as a
combined outcome for disability in 887 IADL-free and
ADL-free participants, which showed the results were
similar to those from the initial analysis (Tables S8 and
S9, Figure S4).

DISCUSSION

In this community-based cohort study of older adults
with yearly follow-up, we found that (1) compared with
the lowest FGCRS, the highest FGCRS increased the
risk of disability and anticipated disability onset by
more than 1 year; (2) the highest FGCRS further accel-
erated the progression of ADL; and (3) CVD accumu-
lation (about 14%) and cognitive decline (about 25%)
partially mediated the association between FGCRS
and ADL progression.

The relationship between individual cardiovas-
cular risk factors and disability has been well docu-
mented. Several longitudinal studies have shown that
older age, female sex, higher systolic blood pressure,
diabetes mellitus, current smokers, or adverse lipid
profile were individually associated with an increased
risk of disability?>?8-%2 and a faster speed of dis-
ability progression.®33-%6 Only a few studies have
addressed the combined effect of different cardio-
vascular risk factors on disability. One study found
that people with normal systolic/diastolic blood pres-
sure, normal serum total cholesterol, healthy weight,
no hypertension, no diabetes mellitus, and not cur-
rently smoking had the lowest risk of disability in
older age.®” Another study that examined the effect
of comorbid cardiovascular risk factors (including
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FGCRS

—— 0.0033 (0.0019, 0.0048)° —»

Change in ADL score

Change in the number of CVDs
(mediation: 13.8%)

N\

0.0031 (0.0025, 0.0036)"
/
FGCRS

—— 0.0023 (0.0003, 0.0044)" —>»

A

0.1226 (0.0506, 0.1946)"

N

Change in ADL score

Change in global cognition score
(mediation: 25.1%)

N\

-0.0018 (-0.0026, -0.0009)"
Z
FGCRS

——  0.0021 (0.0002, 0.0041)"

-0.4050 (-0.4610. -0.3490)"

N

Change in ADL score

—

Figure 2. Mediating effects of changes in the number of CVDs (A) and global cognitive function
(B) on the associations of FGCRS with ADL score changes.

Mediation model adjusted for age, sex, education, body mass index, alcohol consumption, physical
activity, depressive symptoms, baseline instrumental activities of daily living, baseline number of
cardiovascular diseases, and baseline global cognition function. ADL indicates activities of daily living;
CVD, cardiovascular disease; and FGCRS, Framingham General Cardiovascular Risk Score. *P<0.05.

BMI, smoking, and physical activity) on the risk of
disability (ADL) showed that people with higher car-
diovascular risk had a greater number of disabilities
than those with lower cardiovascular risk.®® Only a
cross-sectional study of patients with multiple sclero-
sis that used FGCRS indicated a positive correlation
between FGCRS and disability."®

To our knowledge, no studies have evaluated the
longitudinal association between FGCRS and risk of
disability and its progression. In the current study,
we found that highest FGCRS was associated with
increased risk of disability and anticipated the onset
of disability by more than 1 year compared with the
lowest FGCRS. In addition, higher FGCRS was sig-
nificantly accelerated the progression of ADL over
time.

One type of the chain of risk model from the life
course epidemiology is that 1 exposure not only has
an independent effect on disease but also increases
the risk of the subsequent exposure, which leads to
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outcome.®® It has been well established that higher
FGCRS could increase the risk of CVD®'"" and accel-
erate cognitive decline.’>'* Both conditions have been
associated with an accelerated speed of disability pro-
gression.’®"7 However, to our knowledge no studies
have so far evaluated the possible mediating role of
CVD accumulation or cognitive decline in the in the
association between FGCRS and disability trajecto-
ries. In the mediation analyses, we found that higher
FGCRS was associated with an increased number of
CVDs and cognitive decline, both of which were further
related to the changes in ADL. Our results showed that
an accumulation of CVDs and cognitive decline may
partly mediate the association between FGCRS and
disability progression. The proportion of the mediat-
ing effect by cognitive decline was greater than that by
accumulation of CVDs. This may suggest that cogni-
tive decline makes a greater contribution than physical
depletion caused by CVD to the association of cardio-
vascular risk factors with the progression of disability.
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Several mechanisms may account for the asso-
ciation between cardiovascular risk burden and the
risk of disability. First, cardiovascular risk factors (eg,
smoking, high cholesterol, and diabetes mellitus) are
traditional risk factors for atherosclerosis, which is the
primary cause of CVD.“® CVD subsequently results in
impairments in body systems (eg, coronary and sys-
temic vasculature), which progress to functional lim-
itations (eg, decrease in aerobic endurance and static
functional impairment). As functional limitations accu-
mulate and worsen, disability may develop.*! Second,
cardiovascular risk factors are associated with mixed
brain lesions such as white matter hyperintensities and
global and regional brain atrophy,*? which are related
to cognitive decline and dementia in older people.*344
Cognitive decline may lead to disability through limiting
generic cognitive tasks such as remembering a list of
words, reckoning, producing intelligible speech, man-
aging interferences, or orientating oneself in time and
space.*® Apart from cognition and CVD, modifiable
cardiovascular risk factors (eg, hypertension, BMI, and
smoking) could increase the risk of peripheral neurop-
athy in patients with diabetes mellitus,*® and patients
with neuropathy are more likely to have difficulties with
ADL.#

The strengths of this study include the use of a
community-based cohort with an annual follow-up ex-
amination and relatively long follow-up. The outcome
(ie, ADL score) and mediating variables (ie, number of
CVDs and global cognition score) were examined at
each wave. Furthermore, cardiovascular risk burden
was assessed by using FGCRS. However, several lim-
itations in this study should be pointed out. First, the
generalizability of the findings is limited because the
participants were recruited from a retirement house by
a volunteer sampling process. Second, disability and
CVD events were assessed based on retrospective
self-report, which could be subject to recall bias. Third,
participants were generally well educated and per-
formed relatively well on cognitive tests, thus the ob-
served association might have been underestimated.
Finally, residual confounding, such as recruitment site,
occupational characteristic, and trauma could not be
completely ruled out, as information on those con-
founders was not available.

In conclusion, our study provides evidence that
cardiovascular risk burden assessed by FGCRS
is associated with the risk and progression of dis-
ability in old age. Accumulation of CVDs and cog-
nitive decline may partially mediate the association
of vascular risk burden with disability progression.
Our findings highlight the importance of the control
of cardiovascular risk for the prevention of both CVD
and cognitive decline, aiming at delaying the onset of
disability and slowing down its progression among
elderly people.

J Am Heart Assoc. 2020;9:e017346. DOI: 10.1161/JAHA.120.017346

FGCRS, CVD, Cognitive Decline, and Disability

ARTICLE INFORMATION
Received April 30, 2020; accepted July 22, 2020.

Affiliations

From the Department of Epidemiology and Biostatistics, School of Public
Health, Tianjin Medical University, Tianjin, China (K.C., R.S., H.X., X.Q., W.X));
Tianjin Key Laboratory of Environment, Nutrition and Public Health, Tianjin,
China (K.C., R.S., H.X,, X.Q., W.X)); Center for International Collaborative
Research on Environment, Nutrition and Public Health, Tianjin, China (K.C.,
R.S., H.X., X.Q., W.X); Department of Neurobiology, Care Sciences and
Society, Karolinska Institutet, Stockholm, Sweden (Y.S., W.X)); and Rush
Alzheimer’s Disease Center, Rush University Medical Center, Chicago, IL
(A.S.B.,, D.A.B.).

Acknowledgments

The authors would like to express their gratitude to the participants and staff
involved in data collection and management in the Rush Memory and Aging
Project.

Sources of Funding

Weili Xu received grants from the Swedish Research Council (No. 2017-
00981), the National Natural Science Foundation of China (No. 81771519),
Demensfonden, the Konung Gustaf V:s och Drottning Victorias Frimurare
Foundation (No. 2016-2017), and Alzheimerfonden (2017-2019). David A.
Bennett received grants from the National Institutes of Health (RO1AG17917
and UH2NS100599). This project is part of COSTREAM (www.costream.eu)
and received funding from the European Union’s Horizon 2020 Research
and Innovation Programme under grant agreement No. 667375. The fund-
ing source had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or
approval of manuscript; or decision to submit the manuscript for publication.

Disclosures
None.

Supplementary Materials
Tables S1-S9
Figures S1-S4

REFERENCES

1. World Health Organization. World Report on Ageing and Health.
Geneva, Switzerland: World Health Organization; 2015. Available
at: https://www.who.int/ageing/publications/world-report-2015/en/.
Accessed July 1, 2019.

2. Artaud F, Dugravot A, Sabia S, Singh-Manoux A, Tzourio C, Elbaz A.
Unhealthy behaviours and disability in older adults: Three-City Dijon co-
hort study. BMJ. 20183;347:f4240.

3. Hajjar |, Lackland DT, Cupples LA, Lipsitz LA. Association between
concurrent and remote blood pressure and disability in older adults.
Hypertension. 2007;50:1026-1032.

4. Weinstock-Guttman B, Zivadinov R, Mahfooz N, Carl E, Drake A,
Schneider J, Teter B, Hussein S, Mehta B, Weiskopf M, et al. Serum
lipid profiles are associated with disability and MRI outcomes in multiple
sclerosis. J Neuroinflammation. 2011;8:127.

5. Maggi S, Noale M, Gallina P, Marzari C, Bianchi D, Limongi F, Crepaldi
G; Grp |. Physical disability among older Italians with diabetes. The ILSA
study. Diabetologia. 2004;47:1957-1962.

6. Balzi D, Lauretani F, Barchielli A, Ferrucci L, Bandinelli S, Buiatti E,
Milaneschi Y, Guralnik JM. Risk factors for disability in older persons
over 3-year follow-up. Age Ageing. 2010;39:92-98.

7. Poortinga W. The prevalence and clustering of four major lifestyle risk
factors in an English adult population. Prev Med. 2007;44:124-128.

8. Pronk NP, Anderson LH, Crain AL, Martinson BC, O’Connor PJ,
Sherwood NE, Whitebird RR. Meeting recommendations for multiple
healthy lifestyle factors. Prevalence, clustering, and predictors among
adolescent, adult, and senior health plan members. Am J Prev Med.
2004;27:25-33.

9. D’Agostino RB Sr, Vasan RS, Pencina MJ, Wolf PA, Cobain M, Massaro
JM, Kannel WB. General cardiovascular risk profile for use in primary
care: the Framingham Heart Study. Circulation. 2008;117:743-753.


http://www.costream.eu
http://www.who.inthttps://www.who.int/ageing/publications/world-report-2015/en/

Cui et al

20.

21.

22.

23.
24,
25.

26.

27.

28.

29.

J Am Heart Assoc. 2020;9:e017346. DOI: 10.1161/JAHA.120.017346

Moccia M, Lanzillo R, Palladino R, Maniscalco GT, De Rosa A, Russo
C, Massarelli M, Carotenuto A, Postiglione E, Caporale O, et al. The
Framingham cardiovascular risk score in multiple sclerosis. Eur J
Neurol. 2015;22:1176-1183.

Damen JA, Hooft L, Schuit E, Debray TP, Collins GS, Tzoulaki |, Lassale
CM, Siontis GC, Chiocchia V, Roberts C, et al. Prediction models for
cardiovascular disease risk in the general population: systematic re-
view. BMJ. 2016;353:i2416.

Wang R, Fratiglioni L, Kalpouzos G, Lovden M, Laukka EJ, Bronge L,
Wahlund LO, Backman L, Qiu C. Mixed brain lesions mediate the asso-
ciation between cardiovascular risk burden and cognitive decline in old
age: a population-based study. Alzheimers Dement. 2017;13:247-256.
Kaffashian S, Dugravot A, Nabi H, Batty GD, Brunner E, Kivimaki M,
Singh-Manoux A. Predictive utility of the Framingham general cardio-
vascular disease risk profile for cognitive function: evidence from the
Whitehall Il study. Eur Heart J. 2011;32:2326-2332.

Kaffashian S, Dugravot A, Elbaz A, Shipley MJ, Sabia S, Kivimaki M,
Singh-Manoux A. Predicting cognitive decline: a dementia risk score vs.
the Framingham vascular risk scores. Neurology. 2013;80:1300-1306.
Dhamoon MS, Longstreth WT, Bartz TM, Kaplan RC, Elkind MSV.
Disability trajectories before and after stroke and myocardial infarction
the Cardiovascular Health Study. JAMA Neurol. 2017;74:1439-1445,
Levine DA, Davydow DS, Hough CL, Langa KM, Rogers MA, Ilwashyna
TJ. Functional disability and cognitive impairment after hospitalization
for myocardial infarction and stroke. Circ Cardiovasc Qual Outcomes.
2014;7:863-871.

Han L, Gill TM, Jones BL, Allore HG. Cognitive aging trajectories and
burdens of disability, hospitalization and nursing home admission
among community-living older persons. J Gerontol A Biol Sci Med Sci.
2016;71:766-771.

Bennett DA, Schneider JA, Buchman AS, Barnes LL, Boyle PA, Wilson
RS. Overview and findings from the rush Memory and Aging Project.
Curr Alzheimer Res. 2012;9:646-663.

Bennett DA, Buchman AS, Boyle PA, Barnes LL, Wilson RS, Schneider
JA. Religious orders study and rush Memory and Aging Project. J
Alzheimers Dis. 2018;64:5161-S189.

Wilson RS, Bienias JL, Mendes de Leon CF, Evans DA, Bennett
DA. Negative affect and mortality in older persons. Am J Epidemiol.
2003;158:827-835.

Buchman AS, Boyle PA, Wilson RS, Bienias JL, Bennett DA.
Physical activity and motor decline in older persons. Muscle Nerve.
2007;35:354-362.

Kohout FJ, Berkman LF, Evans DA, Cornoni-Huntley J. Two shorter
forms of the CES-D (Center for Epidemiological Studies Depression)
depression symptoms index. J Aging Health. 1993;5:179-193.

The hypertension detection and follow-up program: hypertension detection
and follow-up program cooperative group. Prev Med. 1976;5:207-215.
American Diabetes A. Diagnosis and classification of diabetes mellitus.
Diabetes Care. 2008;31(suppl 1):S55-S60.

Katz S, Akpom CA. A measure of primary sociobiological functions. Int
J Health Serv. 1976;6:493-508.

Baron RM, Kenny DA. The moderator-mediator variable distinction in
social psychological research: conceptual, strategic, and statistical
considerations. J Pers Soc Psychol. 1986;51:1173-1182.

Preacher KJ, Hayes AF. SPSS and SAS procedures for estimating in-
direct effects in simple mediation models. Behav Res Methods Instrum
Comput. 2004;36:717-731.

Chatteriji S, Byles J, Cutler D, Seeman T, Verdes E. Health, functioning,
and disability in older adults—present status and future implications.
Lancet. 2015;385:563-575.

Murtagh KN, Hubert HB. Gender differences in physical disability
among an elderly cohort. Am J Public Health. 2004;94:1406-1411.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

44,

45.

46.

47.

FGCRS, CVD, Cognitive Decline, and Disability

Chakravarty EF, Hubert HB, Krishnan E, Bruce BB, Lingala VB, Fries JF.
Lifestyle risk factors predict disability and death in healthy aging adults.
Am J Med. 2012;125:190-197.

Gregg EW, Mangione CM, Cauley JA, Thompson TJ, Schwartz AV,
Ensrud KE, Nevitt MC; Study of Osteoporotic Fractures Research G.
Diabetes and incidence of functional disability in older women. Diabetes
Care. 2002;25:61-67.

Zuliani G, Romagnoni F, Bollini C, Leoci V, Soattin L, Fellin R. Low levels
of high-density lipoprotein cholesterol are a marker of disability in the
elderly. Gerontology. 1999;45:317-322.

Volpato S, Ferrucci L, Blaum C, Ostir G, Cappola A, Fried LP, Fellin R,
Guralnik JM. Progression of lower-extremity disability in older women
with diabetes: the Women’s Health and Aging Study. Diabetes Care.
2003;26:70-75.

Manouchehrinia A, Tench CR, Maxted J, Bibani RH, Britton J,
Constantinescu CS. Tobacco smoking and disability progres-
sion in multiple sclerosis: United Kingdom cohort study. Brain.
2013;136:2298-2304.

Tettey P, Simpson S, Taylor B, Blizzard L, Ponsonby AL, Dwyer T,
Kostner K, van der Mei I. An adverse lipid profile is associated with
disability and progression in disability, in people with MS. Mult Scler J.
2014;,20:1737-1744.

Chiu CJ, Wray LA. Physical disability trajectories in older Americans
with and without diabetes: the role of age, gender, race or ethnicity, and
education. Gerontologist. 2011;51:51-63.

Vu TH, Lloyd-dones DM, Liu K, Stamler J, Garside DB, Daviglus ML.
Optimal levels of all major cardiovascular risk factors in younger age
and functional disability in older age: the Chicago Heart Association
Detection Project in Industry 32-year follow-up health survey. Circ
Cardiovasc Qual Outcomes. 2016;9:355-363.

Vita AJ, Terry RB, Hubert HB, Fries JF. Aging, health risks, and cumula-
tive disability. N Engl J Med. 1998;338:1035-1041.

Kuh D, Ben-Shlomo Y, Lynch J, Hallgvist J, Power C. Life course epide-
miology. J Epidemiol Community Health. 2003;57:778-783.

Munger MA, Hawkins DW. Atherothrombosis: epidemiology, patho-
physiology, and prevention. J Am Pharm Assoc (2003). 2004;44:S5—
S$12; quiz S12-13.

Spiers NA, Matthews RJ, Jagger C, Matthews FE, Boult C, Robinson
TG, Brayne C. Diseases and impairments as risk factors for onset of
disability in the older population in England and Wales: findings from
the Medical Research Council Cognitive Function and Ageing Study. J
Gerontol A Biol Sci Med Sci. 2005;60:248-254.

Debette S, Seshadri S, Beiser A, Au R, Himali JJ, Palumbo C, Wolf PA,
DeCarli C. Midlife vascular risk factor exposure accelerates structural
brain aging and cognitive decline. Neurology. 2011;77:461-468.

Lo RY, Jagust WJ; Alzheimer’'s Disease Neuroimaging |. Vascular
burden and alzheimer disease pathologic progression. Neurology.
2012;79:1349-1355.

Kantarci K, Weigand SD, Przybelski SA, Preboske GM, Pankratz VS,
Vemuri P, Senjem ML, Murphy MC, Gunter JL, Machulda MM, et al. MRI
and MRS predictors of mild cognitive impairment in a population-based
sample. Neurology. 2013;81:126-133.

Barberger-Gateau P, Fabrigoule C, Amieva H, Helmer C, Dartigues JF.
The disablement process: a conceptual framework for dementia-asso-
ciated disability. Dement Geriatr Cogn Disord. 2002;13:60-66.

Tesfaye S, Chaturvedi N, Eaton SEM, Ward JD, Manes C, lonescu-
Tirgoviste C, Witte DR, Fuller JH; Complications EP. Vascular risk fac-
tors and diabetic neuropathy. N Engl J Med. 2005;352:341-350.
Callaghan B, Kerber K, Langa KM, Banerjee M, Rodgers A, McCammon
R, Burke J, Feldman E. Longitudinal patient-oriented outcomes
in neuropathy: importance of early detection and falls. Neurology.
2015;85:71-79.



SUPPLEMENTAL MATERIAL



Table S1. Framingham General Cardiovascular Risk Score Calculating for Women.

Points Age (years) HDL (mg/dL) TC (mg/dL) SBP Not Treated SBP Treated Smoker Diabetic
(mmHg) (mmHg)

-3 <120

-2 60+

-1 50-59 <120

0 30-34 45-49 <160 120-129 No No

1 35-44 160-199 130-139

2 35-39 <35 140-149 120-129

3 200-239 130-139 Yes

4 40-44 240-279 150-159 Yes

5 45-49 280+ 160+ 140-149

6 150-159



10

11

12

Points allotted

50-54

55-59

60-64

65-69

70-74

75+

160+

Total

HDL= High Density Lipoprotein, TC= Total Cholesterol, SBP=Systolic Blood Pressure.



Table S2. Framingham General Cardiovascular Risk Score Calculating for Men.

Points Age (years) HDL (mg/dL) TC (mg/dL) SBP Not Treated SBP Treated Smoker Diabetic
(mmHg) (mmHg)

-2 60+ <120

-1 50-59

0 30-34 45-49 <160 120-129 <120 No No

1 35-44 160-199 130-139

2 35-39 <35 200-239 140-159 120-129

3 240-279 160+ 130-139 Yes

4 280+ 140-159 Yes

5 40-44 160+

6 45-49



10

11

12

13

14

15

Points allotted

50-54

55-59

60-64

65-69

70-74

75+

Total

HDL= High Density Lipoprotein, TC= Total Cholesterol, SBP=Systolic Blood Pressure.



Table S3. Mediating effects of changes in number of CVDs and global cognitive function
in the association between Framingham General Cardiovascular Risk Score (FGCRYS)

and annual ADL score change, respectively.

B 95% CI* P
Mediator, number of CVDs
FGCRS on mediator 0.0031 0.0025 to 0.0036 <0.001
Mediator on ADL score 0.1226 0.0506 to 0.1946 <0.001
Indirect effect of mediator? 0.0004 0.0001 to 0.0007
Percent mediation 13.8%
Mediator, global cognition score
FGCRS on mediator -0.0018 -0.0026 to -0.0009 <0.001
Mediator on ADL score -0.4050 -0.4610 to -0.3490 <0.001
Indirect effect of mediator’ 0.0007 0.0002 to 0.0012
Percent mediation 25.1%

“ Adjusted for age, sex, education, BMI, alcohol consumption, physical activity, depressive
symptoms, baseline instrumental activities of daily living, baseline number of cardiovascular
diseases, baseline global cognition score.

795% confidence intervals for the indirect effect were calculated using bias-corrected
bootstrapping.

CVD, cardiovascular disease; ADL, activities of daily living.



Table S4. Harzads ratios (HRs) and 95% Cls (confidence intervals) and 50th percentile
differences (PDs) in years of incident disability in relation to Framingham General

Cardiovascular Risk Score (FGCRS): resus from Cox model and Laplace repression.

No. No. Cox mode Laplace repression
FGCRS

subjects  cases HR (95% CI) * 50th PDs (years) (95% CI) *

Continuous 1470 707 1.04 (1.02 to 1.06) -0.20 (-0.31 to -0.09)

Categorical (tertiles)

Lowest 569 235 Reference Reference
Middle 436 228 1.29 (1.08 to 1.56) -1.15 (-2.14 t0 -0.16)
Highest 465 244 1.31 (1.09 to 1.57) -1.01 (-2.00 to -0.19)

“Adjusted for education, BMI, alcohol consumption, physical activity, depressive symptoms,
baseline instrumental activities of daily living, baseline number of cardiovascular diseases,
and baseline global cognition function.

FGCRS, Framingham General Cardiovascular Risk Score; HRs, hazard ratios; PD, percentile
differences; Cls, confidence intervals.

Missing data: 10 for body mass index.



Table S5. g-coefficients and 95% confidence intervals (Cls) of the association between
Framingham General Cardiovascular Risk Score (FGCRS) and changes in ADL score over

time: results from Mixed effect model.

FGCRS Model 1"
B (95% Cls) Type I F p

Continuous -0.004 (-0.011 to 0.003) 1.18 0.277
Categorical 1.17 0.306

Lowest Reference

Middle -0.031 (-0.095 to 0.032)

Highest -0.050 (-0.114 to 0.015)
Continuous X time 0.006 (0.002 to 0.010) 7.43 0.006
Categorical X time 4.85 0.007

Lowest x time Reference

Middle x time 0.023 (-0.013 to 0.060)

Highest x time 0.057 (0.021 to 0.093)

“Adjusted for education, BMI, alcohol consumption, physical activity, depressive symptoms,
baseline instrumental activities of daily living, baseline number of cardiovascular diseases,
and baseline global cognitive function.

ADL, activities of daily living.



Table S6. Harzads ratios (HRs) and 95% Cls (confidence intervals) and 50th percentile
differences (PDs) in years of incident disability in relation to Framingham General

Cardiovascular Risk Score (FGCRS): resus from Cox model and Laplace repression.

No. No. Cox model Laplace repression
FGCRS

subjects  cases HR (95% CI)” 50th PDs (years) (95% CI)"

Continuous 1089 409 1.04 (1.01 to 1.07) -0.20 (-0.33 t0 -0.07)

Categorical (tertiles)

Lowest 446 141 Reference Reference
Middle 314 134 1.28 (1.00 to 1.64) -1.05 (-2.11 to 0.01)
Highest 329 134 1.35 (1.05 to 1.74) -1.37 (-2.46 to0 -0.28)

“Adjusted for age, sex, education, BMI, alcohol consumption, physical activity, depressive
symptoms, baseline instrumental activities of daily living, baseline number of cardiovascular
diseases, and baseline global cognition function.

FGCRS, Framingham General Cardiovascular Risk Score; HRs, hazard ratios; PD, percentile
differences; Cls, confidence intervals.

Missing data: 9 for body mass index.



Table S7. g-coefficients and 95% confidence intervals (Cls) of the association between
Framingham General Cardiovascular Risk Score (FGCRS) and changes in ADL score over

time: results from Mixed effect model.

FGCRS Model 1"
B (95% Cls) Type IIL F P

Continuous -0.007 (-0.014 to -0.001) 4.48 0.035
Categorical 3.77 0.023

Lowest Reference

Middle -0.058 (-0.113 to -0.003)

Highest -0.068 (-0.126 to -0.011)
Continuous X time 0.004 (0.001 to 0.007) 5.13 0.023
Categorical X time 3.03 0.048

Lowest x time Reference

Middle x time 0.013 (-0.015 to 0.042)

Highest x time 0.038 (0.010 to 0.066)

“Adjusted for age, sex, education, BMI, alcohol consumption, physical activity, depressive
symptoms, baseline instrumental activities of daily living, baseline number of cardiovascular
diseases, and baseline global cognitive function.

ADL, activities of daily living.



Table S8. Harzads ratios (HRs) and 95% Cls (confidence intervals) and 50th percentile
differences (PDs) in years of incident disability in relation to Framingham General

Cardiovascular Risk Score (FGCRS): resus from Cox model and Laplace repression.

No. No. Cox model Laplace repression
FGCRS

subjects  cases HR (95% CI)” 50th PDs (years) (95% CI)"
Continuous 885 633 1.04 (1.01 to 1.06) -0.06 (-0.12 to0 0.01)

Categorical (tertiles)

Lowest 268 167 Reference Reference
Middle 281 207 1.09 (0.88 to 1.35) -0.46 (-1.24 t0 0.32)
Highest 333 259 1.30 (1.04 to 1.61) -0.44 (-1.18 t0 0.30)

“Adjusted for age, sex, education, BMI, alcohol consumption, physical activity, depressive
symptoms, baseline instrumental activities of daily living, baseline number of cardiovascular
diseases, and baseline global cognition function.

FGCRS, Framingham General Cardiovascular Risk Score; HRs, hazard ratios; PD, percentile
differences; Cls, confidence intervals.

Missing data: 5 for body mass index.



Table S9. g-coefficients and 95% confidence intervals (Cls) of the association between
Framingham General Cardiovascular Risk Score (FGCRS) and changes in ADL score over

time: results from Mixed effect model.

FGCRS Model 1"
B (95% Cls) Type IIL F P

Continuous -0.006 (-0.014 to 0.002) 1.99 0.158
Categorical 2.19 0.112

Lowest Reference

Middle -0.052 (-0.122 to0 0.017)

Highest -0.075 (-0.148 to -0.001)
Continuous X time 0.005 (0.001 to 0.009) 7.14 0.008
Categorical X time 3.71 0.025

Lowest x time Reference

Middle x time 0.035 (0.001 to 0.070)

Highest x time 0.045 (0.010 to 0.080)

“Adjusted for age, sex, education, BMI, alcohol consumption, physical activity, depressive
symptoms, baseline instrumental activities of daily living, baseline number of cardiovascular
diseases, and baseline global cognitive function.

ADL, activities of daily living.



Figure S1. Flowchart of study participants.

Baseline participants, n=2155

675 cpartipants were excluded
due to prevalent disability
— | (n=265) at baseline, missing
FGCRS (n=269) and no follow-
up (n=141)

A 4

Participants in final analysis, n=1480

RN

Incident disaility Disaility free
n=713 n=767

FGCRS, Framingham General Cardiovascular Risk Score; ADL, activities of daily living.



FGCRS [—— 0.0034 (0.0020, 0.0049)* —>»{ Change in ADL score

Change in the number of CVDs
(mediation: 13.8%) \

0.0031 (0.0024, 0.0036)" 0.1236 (0.0515, 0.1956)"
i N
FGCRS [—— 0.0024 (0.0003, 0.0044)* —>» Change in ADL score
A
Change in global cognition score
(mediation: 25.3%) \
-0.0018 (-0.0027, -0.0009)" -0.4080 (-0.4639. -0.3521)"
/ N
FGCRS [— 0.0021 (0.0002, 0.0041)° —*| Change in ADL score
B

Figure S2. Mediating effects of changes in the number of CVDs (A), and global
cognitive function (B) on the associations of Framingham General Cardiovascular Risk

Score (FGCRS) with ADL score changes.

Mediation model adjusted for education, BMI, alcohol consumption, physical activity,
depressive symptoms, baseline instrumental activities of daily living, baseline number of

cardiovascular diseases, and baseline global cognition function.

“p < 0.05. CVD, cardiovascular disease; ADL, activities of daily living.
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Figure S3. Mediating effects of changes in the number of CVDs (A), and global
cognitive function (B) on the associations of Framingham General Cardiovascular Risk

Score (FGCRS) with ADL score changes.

Mediation model adjusted for age, sex, education, BMI, alcohol consumption, physical
activity, depressive symptoms, baseline instrumental activities of daily living, baseline

number of cardiovascular diseases, and baseline global cognition function.

“p < 0.05. CVD, cardiovascular disease; ADL, activities of daily living.
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Figure S4. Mediating effects of changes in the number of CVDs (A), and global
cognitive function (B) on the associations of Framingham General Cardiovascular Risk

Score (FGCRS) with ADL score changes.

Mediation model adjusted for age, sex, education, BMI, alcohol consumption, physical
activity, depressive symptoms, baseline instrumental activities of daily living, baseline

number of cardiovascular diseases, and baseline global cognition function.

“p < 0.05. CVD, cardiovascular disease; ADL, activities of daily living.



